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Introduction.
Colour centres (C.C.'s) in pure CaF2 have been extensively studied and are now reasonably well understood [1] . However, as little as,a few 10-4 doping with sodium entirely changes the optical spectra of coloured fluorite, which suggests that C.C.'s are formed in the immediate vicinity of sodium impurities, rather than in the perfect parts of the lattice. Fairly little is known about these C.C.'s in CaF2 : Na+ which are of interest, in particular, owing to their possible use as active material for C.C. lasers [2] . Several authors have described C.C.'s in CaF2 : Na+ ; FA centres [3] , F2A centres [2, 4] , F2 centres weakly disturbed by a fairly distant Na' [4, 5] and two different varieties of F' centres [4, 6] (see Table I ). However, the assumed microscopic models of these C.C.'s do not seem to be firmly established, as we have shown recently [7] from a study of their magnetic circular dichroism.
We have recently discovered in CaF2 : Na' several other C.C.'s which, to the best of our knowledge, have not been previously reported. The principal aim of the present paper is to describe two of these new centres which we have studied in greater detail. We are presently unable to suggest microscopic models for these C.C.'s, so that we shall call them simply f and g centres, without any specific meaning underlying the letters f or g. We shall use, for the previously described centres, the names « F2A », « F3A », « a F3A » of references [2, 4, 6] , the quotation marks suggesting our doubts concerning the validity of the microscopic models, and the letter a being an abbreviation for « angular ». As for the « F2 centre weakly disturbed by Na+ » of references [4, 5] , we shall call it below b centre for brevity.
In section 2, we describe the experimental methods; in sections 3 .1 and 3.2, we give our results concerning f and g centres respectively. Finally, section 4 lists the numerous sharp lines observed in CaF2 : Na+ optical spectra and discusses them briefly. (Fig. 1 a) by one of the lines of a Kr' laser (Coherent Radiation CR 750 K). For excitation spectra, the sample is illuminated by the same source as for absorption spectra (iodine tungsten lamp + HRS 2) but with wider monochromator slits; the emission is monitored, nearly collinearly, through a second, home made, Czerny-Turner grating monochromator (Fig. Ifi) . Suitable Wratten or Schott filters are used in the emission and excitation measurements in order to increase the rejection of stray light at the excitation wavelength. The chromatic sensitivity of the experimental set-up has been measured by two preliminary experiments. For emission spectra, the crystal of figure 1 a was replaced by a white lamp, the spectral emissivity of which had been previously calibrated in the 350-800 nm range by the Laboratoire National d'Essais; we thus obtained the wavelength sensitivity of the monochromator + photomultiplier system, which allowed us to correct all our fluorescence results. For excitation spectra, the crystal of figure I# was replaced by a Hamamatsu R928 photomultiplier which had been calibrated by the manufacturer; we thus obtained the relative variations, versus wavelength, of the incident light power; these data were subsequently used to correct the results of our excitation experiments.
Our samples noticeably absorb light : the product kl of absorption coefficient k and thickness I is typically in the 0.5-4. range. Therefore, the emission and excitation spectra are much distorted and a correction is necessary. To perform it, we assume the ideal geometry of figure 1 (Fig. 2 a) or the 531 nm line (Fig. 2P) (1) In reference [7] figure 3 ).
3 .1. 5 Zero-phonon transition. - We observed several sharp lines in the spectral region at the boundary of the emission and excitation profiles of f centres (Table II) . 541.8 nm is the only one to appear simultaneously in absorption, in fluorescence and in the excitation spectrum of the 573 nm f emission (see the insert in Fig. 3 figure 3 , the breadth (-1 nm) of the 541.8 nm line is instrumental (the slits of monochromator M 1 of figure lp have been widely opened to get enough light). The real breadth of the 541.8 nm line is only -0. I nm as observed both in emission and absorption spectra. Figure 5 shows the absorption spectrum at 5 K of a crystal after this b-g enhancing treatment. One remarks that the absorption of o F2A » centres is small (kl 0.4), which allows the b centre band at 530 nm to be partly resolved, whereas it is generally completely hidden by the o F2A » absorption blue wing. As for the g centres, their absorption is unresolved in the spectrum of figure 5, but they are howe-(4) In reference [7] , we spoke of the « yellow » state of the sample. the spectrum recorded when monitoring 680 nm fluorescence. After having subtracted the dotted curve representing the contribution of b centres, one is left with a bell-shaped curve peaking at 564 nm, which we associate with the excitation of g centres. 680 nm has been chosen for the detection because it is just below the wavelength (684.6 nm) of the « F2A » centres zero-phonon line, so that the profile of figure 7 is not perturbed at all by these centres. For 695 nm monitoring wavelength, the red wing of the spectrum is very different from the one of figure 7 ; it is seen chiefly in « F' &#x3E;&#x3E; enriched samples and is easily bleached at 5 K by irradiation with 531 nm light, which has no effect on the « F2A &#x3E;&#x3E; centre and on its 684.6 zero-phonon line. Rauch [13] previously arrived at the same conclusion by different arguments. Another possibility would be that some of the observed narrow lines would belong to pure CaF2 C.C.'s. We have compared our measured wavelengths with all those reported in the litterature for C.C.'s in nominally pure fluorite [8] [9] [10] [11] and we were unable to find any coincidence, except perhaps between our 540.0 nm fluorescence line and the 539.6 nm zerophonon transition of F2 [110] centres [9] . However this appears to be purely fortuitous, since the 539.6 nm line of pure CaF2 F2 centres should be accompanied by a much more intense fluorescence band at 585 nm, which is clearly not the case in our spectra. The lack of any coincidence between sharp lines observed in pure CaF2 and in CaF2 : Na+ confirms the fact, stated in the introduction, that doping by Na+ completely modifies the spectrum by suppressing every pure CaF2 C.C., or, at least, by lowering its concentration below our experimental detection limit.
